Puberty in the male Syrian hamster (Mesocricetus auratus) is characterized by decreased responsiveness to testosterone mediated negative feedback, but the neural mechanism for this change remains elusive. We hypothesized that decreased inhibition of the gonadotropin-releasing hormone (GnRH) system results in increased neurosecretory activity, which includes an increase in GnRH gene expression. This study examined GnRH mRNA in male hamsters before and after puberty, and sought to determine if any increase in mRNA was specific to particular subpopulations of GnRH neurones. Brains were collected from 21-day-old prepubertal males (n=5) and 56-day-old postpubertal males (n=5). Alternate 10 mm coronal sections from fresh-frozen brains were collected throughout the septo-hypothalamic region, and 25% of those sections were processed for in-situ hybridization histochemistry using an 35S-riboprobe complementary to hamster GnRH. No differences were observed in the number of GnRH mRNA expressing cells in any region, but in the diagonal band of Broca (DBB)/organum vasculosum of the lamina terminalis (OVLT) there was a significant increase in labelling intensity (defined as area of the cell occupied by silver grains) in postpubertal males. A second analysis compared the frequency distributions of cells based on labelling intensity between prepubertal and postpubertal males. This analysis revealed significant differences between the two frequency distributions in all areas analysed (DBB/OVLT, medial septum (MS), and preoptic area (POA)). Furthermore, examining the distribution of cells in these regions revealed a shift to the right in the postpubertal population of cells, which indicated an increased number of GnRH neurones with greater labelling intensity. These data clearly demonstrate increased GnRH mRNA during puberty. Furthermore, they suggest that the previous observation of brain region specific pubertal decreases in GnRH-immunoreactivity only within the DBB/OVLT and MS but not the POA are not due to differential levels of GnRH gene expression, but could indicate increased release from these neurones during puberty.
In the male Syrian hamster (Mesocricetus auratus), the onset testosterone has been well characterized in the hamster and in other species (3, 4), the neural mechanisms governing this of puberty is characterized by a striking decrease in the response to steroid negative feedback regulation of gonadchange remain poorly understood. Gonadotropin secretion is controlled by gonadotropin otropin secretion. In the gonad-intact juvenile, circulating levels of luteinizing hormone (LH ) and follicle stimulating releasing hormone (GnRH ) neurones, which project to the hypophyseal portal vasculature located in the median eminhormone (FSH ) are low and increase at the time of puberty (1, 2). If testosterone (T ) levels are held constant in a ence (5). These neurones originate in the embryonic olfactory placode and migrate to their final destination in the mature castrated T-replaced juvenile male hamster, LH and follicle stimulating hormone (FSH ) levels remain low until the onset brain (5). However, this final destination is not confined to a single nucleus in the brain, but instead comprises a diffuse of puberty when they begin to increase independently of any change in T levels (1). These data demonstrate a pubertal network of GnRH cells distributed throughout the rostralcaudal extent of the forebrain. In the hamster, GnRH neurescape from testosterone mediated inhibition of gonadotropin secretion. While this pubertal decrease in responsiveness to ones are found as far rostral as the anterior olfactory nucleus
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Care.
However, the vast majority (>90%) of GnRH cells are located within three distinct subpopulations: the diagonal lations of GnRH neurones in the hamster DBB/OVLT and removed, and the slides washed in 2×SSC. Slides were then incubated in RNase A (200 mg/ml ) at 37°C for 60 min, washed successively in decreasing concentrations of SSC (2×, 1×, 0.5×, 0.1×), and then washed in 0.1×SSC at 70°C for 60 min. Slides were subsequently rinsed in distilled water and dehydrated through graded alcohols. Next, slides were exposed to XAR film
Materials and methods
( Eastman Kodak, Rochester, NY, USA) for 7 days, and then dipped in Animals NTB2 emulsion ( Eastman Kodak), diluted 151 in distilled water, and stored at 4°C for 3 days. Emulsion dipped slides were developed in D-19 developer Eighteen-day-old male Syrian hamsters (M. auratus) and their mothers were ( Eastman Kodak), counterstained with cresyl violet, dehydrated in a series purchased from Charles River (Cambridge, MA, USA). All animals were of graded alcohols, placed in xylene, and coverslipped with Permount (Fisher weaned from their mothers at 20 days of age and grouped housed three/cage Scientific, Pittsburgh, PA, USA). To allow reliable comparisons between in clear polycarbonate cages (37.5×33×17 cm) under constant temperature groups, sections from both age groups were processed together. (21±2°C ) and long-day photoperiod (14 h light:10 h dark; lights on at 06.00 h EST ). Throughout the experiment, animals had ad libitum access to Microscopic analysis food ( Teklad Rodent Diet no. 8640, Harlan, Madison, WI, USA) and water. All animals were treated in accordance with the NIH Guide for the Care and
The pattern of GnRH mRNA expression over the course of puberty was characterized by microscopic examination of emulsion-dipped sections in Use of Laboratory Animals, and all procedures were approved by the three brain regions: the DBB/OVLT, MS, and POA. The anatomical boundartraced and area determinations made within NIH Image 1.57. Next, images were thresholded to visualize silver grains only, and area determinations ies for these regions are similar to those previously defined in this laboratory (Fig. 1) . Furthermore, in the male hamster, 90% of the total number of repeated. The sampling template was then moved to an unhybridized region of tissue to establish the background silver grain area. This background grain GnRH-ir neurones reside within these three operationally defined brain regions (7) . The method for quantifying the number of silver grains overlying area was subtracted from the silver grain area overlying the Nissl stained cell, and the results were expressed as area occupied by silver grains. Cells with a cresyl violet-stained cell and the number of GnRH mRNA expressing cells was adapted from previous reports (11) and performed in the following more than 5× the area of silver grains when compared to the background area were classified as labelled. manner by an experimenter blind to the treatment groups. Using a Leitz Laborlux S microscope equipped with a CCD video camera (Sony, XC-77), Data analysis images of lightly counterstained cells were captured at 40× through a blue no. 47 filter ( Tiffen, Hauppauge, NY, USA), which effectively subtracted the The non-parametric Mann-Whitney U-test was utilized to determine significant differences between age groups in the mean physiological (body, paired Nissl stain, into a Power Macintosh 7100 computer. Cellular profiles were 
DBB/OVLT, MS, and POA for each age group was used to generate a frequency distribution. A comparison was then made between the frequency distributions of prepubertal and postpubertal males for each anatomical region using the nonparametric Kolmogorov-Smirnov two sample test (12) . P ∏0.05 was the criterion for significance for all statistical tests.
Results

Physical and endocrine measures
Compared to 56-day-old postpubertal males, prepubertal 21-day-old male hamsters exhibited significantly lower body (29.32±1.35 g vs 118.72±4.76 g), paired testis (0.11±0.02 g vs 2.70±0.22 g), and seminal vesicle weights (0.006± 0.001 g vs 0.244±0.017 g). In addition, circulating levels of testosterone were significantly lower in prepubertal (0.21±0.07 ng/ml ) compared to postpubertal males (3.55±0.65 ng/ml ).
GnRH mRNA
In-situ hybridization using an 35S-labelled antisense riboprobe against hamster GnRH produced discrete labelling in brain regions consistent with the location of GnRH cell bodies revealed by immunocytochemistry (6, 7). Figure 1 illustrates the distribution of labelled cells throughout the forebrain of a representative adult male hamster. GnRH mRNA expressing cells were predominantly clustered along the midline of the septo-hypothalamic region. These cell bodies extended as far rostral as the tenia tecta and as far caudal as the posterior extent of the POA. In addition, cells expressing GnRH mRNA were occasionally located in the cingulate cortex. Previous reports from this laboratory have demonstrated that >90% of the total number of GnRH-ir cells reside within 3 brain regions: the DBB/OVLT, MS, and POA (7). The anatomical boundaries for these three operationally defined brain regions are illustrated in Fig. 1 , and quantification of
GnRH mRNA expression was confined to these areas. Within cells), the MS contained fewer cells (24% of total analysed cells), and small numbers of cells were found diffusely throughout the POA and more caudal hypothalamic regions (13% of total analysed cells). An example of specific labelling silver grains in postpubertal compared to prepubertal males (Fig. 3) . However, statistical significance was reached only within the MS is illustrated in Fig. 2 . As a test for specificity of our antisense riboprobe, tissue sections were incubated in the DBB/OVLT, where the silver grain area was approximately 1.5× greater in postpubertal compared to prepubertal with an 35S-labelled sense probe generated against the same strand of DNA. No specific hybridization above background animals (10.71±1.31 mm2 vs 7.25±1.41 mm2, respectively). Furthermore, no significant differences were observed in the occurred with this probe.
To assess quantitative changes in GnRH mRNA expression mean area of the Nissl stained cells in any brain region across age groups (data not shown). A second analysis compared during pubertal development, comparisons were made in the number of GnRH cells and the relative labelling intensity of prepubertal and postpubertal frequency distributions of the area occupied by silver grains for all labelled cells. The these cells between prepubertal and postpubertal males. No age differences were observed in any anatomical region in the Kolmogorov-Smirnov two sample test (10) revealed significant differences between the two frequency distributions in all number of labelled GnRH mRNA cells (Fig. 3) . However, the intensity of labelling varied as a function of age. In all three regions analysed (P∏0.05, Fig. 4 ). Closer examination of the distribution of cells in these regions revealed a shift to areas, there was a trend for greater mean area occupied by the right in the postpubertal population of cells, which indicated an increased number of GnRH neurones with higher grain densities per cell.
Discussion
Results of this study demonstrate a pubertal increase in GnRH mRNA specifically manifested as an increase in labelling intensity in the DBB/OVLT, MS, and POA. This tion of these data is that the pubertal increase in GnRH mRNA is indicative of an overall increase in protein synthesis and subsequent release of GnRH from neurones in all regions only in the DBB/OVLT and MS, but not in POA (7) . The pubertal increase in GnRH mRNA in the DBB/OVLT and of the brain. However, these reults must be reconciled with our previous observation that the pubertal decrease in MS in the present experiment does indicate that the pubertal decrease in GnRH-ir in these two regions likely reflects GnRH-ir was brain region specific, i.e. it was demonstrable decreased somal stores of protein secondary to increased Furthermore, in the female hamster, GnRH neurones only within the DBB and MS express Fos in association with the release of GnRH from these cells. Exactly how levels of GnRH mRNA relate to protein synthesis and release is not preovulatory LH surge (20) , suggesting separate 'surge' populations of GnRH neurones. Results from the present study completely understood. The fact that GnRH mRNA increased within the POA in the absence of a decrease in suggest that puberty in the hamster does not selectively activate subpopulations of GnRH neurones, but instead GnRH-ir suggests that the relationships among transcription, translation, and peptide release are different within the causes a systemwide increase in GnRH gene expression. However, these differences might be explained by differences DBB/OVLT and MS in comparison to the POA. Collectively, our immunocytochemistry and in-situ hybridization studies between puberty and photoperiodic and estrous cyclicity changes, or the regional regulation may not occur at the level argue for differences among GnRH neurones in different brain regions, but the various populations of GnRH neurones of gene expression but instead at the level of protein translation or release. Additional studies are required to fully do not appear to be distinguishable on the basis of pubertal changes in GnRH mRNA alone.
understand the relationship between gene expression and release of GnRH, and how this might be regulated differently Techniques used in this experiment can not determine whether the pubertal increases in GnRH mRNA in the by various intrinsic and extrinsic stimuli in different regions of the brain. hamster brain result from an increase in GnRH transcription or a change in mRNA stability. However, in the female rat,
In conclusion, results from this study suggest that neurones within the DBB/OVLT, MS, and POA all show an increase pubertal increases in cytoplasmic GnRH mRNA are not accompanied by increases in primary transcript (13) , sugin GnRH mRNA as a result of the pubertal change in responsiveness to steroid negative feedback. Taken together gesting that the elevation in GnRH mRNA is due to a posttranscriptional mechanism such as an increase in GnRH with our earlier immunocytochemical data, the relationship between changes in transcription, translation, and release mRNA stability or a decrease in the degradation of GnRH mRNA. Additional studies are required to determine if the appears to be different within the DBB/OVLT and MS compared to the POA. One hypothesis for pubertal maturapubertal increase in GnRH mRNA in the male hamster is due to a post-transcriptional mechanism or increased GnRH tion is that neuronal circuits are remodeled so that testosterone and/or its metabolites exert different influences on transcription.
This pubertal increase in GnRH mRNA expression particular populations of GnRH neurones before and after puberty. If the pubertal decrease in steroid negative feedback observed in the male hamster is consistent with observations in other species, including the male ferret and both the male regulation of GnRH neurones is of varying degrees in the DBB/OVLT, MS, and POA, then the relative contribution and female rat (9, (13) (14) (15) . However, other work suggests that GnRH mRNA expression remains constant across of these GnRH neurones to the pubertal increase in gonadotropin secretion may not be identical. Additional experipubertal development. Steiner and colleagues report no differences in the number of GnRH mRNA expressing cells ments and approaches will be necessary to sort the interaction between pubertal development of the nervous system and (16) or the amount of GnRH message/cell (17) in any area of the brain between prepubertal and adult male rats. These brain region specific steroid regulation of GnRH neurones. results are consistent with observations in the current study that the number of GnRH mRNA expressing neurones does
